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ダブルクラッド光ファイバを用いた高強度光給電型光ファイバ無線伝送の 
信号光波長依存性評価 
 要  旨 
近年、インターネットや携帯電話サービスの急速な発展に伴い、無線通信の高度化の問
題が取りただされている。そのために高速・大容量な無線通信を行うための解決策として、
光ファイバ無線に関する研究が行われている。 
光ファイバ無線通信システムとは、制御局と基地局を光ファイバで結び、光ファイバを通
して大容量の無線信号を伝送する技術である。その中でもアナログRoFとは光の広帯域性
を生かし、無線信号の振幅・位相情報をそのまま光の強度変調信号として表し、光ファイバ
伝送を行う技術である。これにより、アナログRoFでは無線信号の電波形式を考慮すること
なく、アンテナ基地局側に復調・同期回路などが不要となる簡易なシステム構成が可能と
なる。現在の光ファイバ無線システムは基地局に電源が必要な構成となっているが、基地
局をより扱い易いものとするために、光給電による基地局の無電源化が提案された。提案
された光給電型 RoF システムでは、伝送路にシングルモードファイバや、マルチモードファ
イバを用いていた。しかし、これらの伝送路を用いた光給電型 RoFシステムは、給電に用
いる高出力光と、歪みの小さい信号光の同時伝送は困難であるという問題点が生じる。 
本研究では低歪みな信号伝送と基地局側の供給電力の増加を目的とした、伝送路にダ
ブルクラッドファイバを用いた信号光波長 1.3 µm帯の多チャンネル光給電型光ファイバ無
線伝送を行った。結果として、300 mのダブルクラッドファイバを用いた光給電型光ファイバ
無線下り伝送においては、信号光と給電光の波長間隔を近づけても給電光による信号光
へのクロストークの影響とチャンネル間のクロストークの影響をあまり受けず、給電光を最
大 60 Wにした場合でも 0 W伝送時とのエラーベクトル振幅の差は 0.05％以下という高い伝
送特性が維持されるということを明らかにした。 
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1.1 ?????
?????????????????????????? LAN??????????????
???????????????????????????????????????????
???????????????????????????????????????1 ????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????? (RoF : Radio-over-Fiber)??????????????
????????????????????????????????????????????
????????????????RoF[1] ????????????????????????
???? (ITS : Intelligent Transport Systems) ??????????????????????
???????RoF ??????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????RoF ??????
????????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????? [2]?
?????????????RoF ?????????????????????? (SMF :Single-
Mode Fiber) ???????????? (MMF : Multi-Mode Fiber) ????????????
??????????????RoF ???????????????????????????
??????????????????????
1.2 ?????
????RoF ????????????????????????????????????
?????????????????? (DCF : Double-Clad Fiber) ????????????
???????????????????????????????????????????
???????????????
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?2? ?????????????
2.1 ?????????
????????????? (RoF:Radio-over-Fiber) ??????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????RoF ???????
1.???
??? 1550nm ??????????????????????? 0.2 dB/km ????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
2.???
?????????????????????? THz ????????????????
??????????????????????????????????????
3.???
?????????????????????????????????????????
????????????????????????????????????????
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4.??????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????????????
????????????
???????????RoF ??????????????????ITS ??????????
???????????????????????????????????????????
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???????????????????????????????????????????
???????? [3]?
? 2.1: RoF??????
? 2.2: RoF????????
? 2.1? RoF????????????? 2.2? RoF ?????????RoF ??????
????????????????????????????????? ??????????
???????????????????????????????????????????
???????????????????/? (E/O : Electrical/Optical) ??????????
???????????????????????????????????????????
?????/?? (O/E : Optical/Electrical) ???????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
E/O ?????????????????????????????????????????
??????????????????????O/E ???????????????????
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2.2 1.3 m??????????????
??? RoF??????????????????????????? 1.3 m?? 1.55 m
????????????????? 1.55 m??????????????????????
???????????? 1.3 m?????????? 1.55 m?????????????
?????????????????????????????????????????? 1.3
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? (2.1)????????RF?????????? 2.3??????????????????
? C=1550 nm ????D=17 ps/nm/km????? L? 1?2?5 km????????? fRF
? 0?70 GHz????????????????????RF???????????????
???????????????? 5 km???????????????? 5G???????
??????? 28 GHz??? RF???????????????????????????
??? 1.3 m?????????????????????? 0??????????????
???? 1.55 m???????????????????????????????????
??????????????? 1.3 m???????????????
2.3 ???????
LD
光 電気
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? 2.4: ???????
??????????????????????????????????????????
????????? 2.4????????????????????????????????
?????????????? (LD : Laser Diode )????????????????????
?????????????????????????? (PD : Photo Diode)? 3 ??????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????? [5]
2.4 ?????????????????
RoF????????????????????????????????????????
???? 2.5?????????????????????????????????????
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? 2.5: RoF???????
???????????????????????????????????????????
??????????????????????????????????PD????????
?????????????????????????? LD ???????????????
?????????RoF????????????????????????????????
???????????????????????????????????????????
????????????????????????RoF ???????????
? 2.6: ?????????????????
? 2.6 ????? RoF ???????????? 2.6???????????? RoF???
???????????????????????????????????????????
??????????????????????????????????
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? 2.7: ???????????????
?? 2.7 ????? RoF????????????? [5]????? RoF?????????
???????????????????????????????????????????
???????????????????????????????????????????
?? LD ???????????????????????????????????????
?????????????PD ?????????????????????????????
???????????????????????????????????????????
?? LD ???????????????????????????????????????
??????????????????????? LD ??????????????????
???????????????????????? PD ?????????????????
LD??????????????????????????????
?????RoF ????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????? 2km??? SMF???? 600mW????? 300mW?
?????????????? 26mW??????????????? [6]????SMF???
?? 6 ???????????? 300m?MMF??????? LAN(IEEE802.11g)?????
???????????RoF ???????????? [7]???????MMF???????
?RoF ???????????? [8]
2.5 ????????????????????????????
??????????????? RoF ?????SMF ?MMF?????????????
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??????????????????MMF ? SMF ???????????????????
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???????????????????????????????????????????
????DCF ????????RoF ??????
? 2.8: DCF???????
DCF ???? 2.8 ?????????????????????? 3 ???????????
????????????????????????????????????????????
?????????????????????? [9]????????????????????
???????????????????????????????????????????
???????????????????????????????DCF ??????????
???????????????????????????????????????????
?????
? 2.9: ????????
?????????????? 2.9 ???????? SMF?????? 10 m??MMF??
??? 50 or 62.5 m?????????????DCF????????? 105 m?????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????DCF????????? SMF??????? 10?
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?????????????????????SMF????????????????? 1.5W
????????????? [10] ???DCF ????????? 105 m ???? 100W???
????????????????????
???????DCF??????????????????????????????DCF?
??????? RoF ??????????????????????????????????
SMF?????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????DCF ???????
????????????????? [11,12]???????????????????????
????????????????
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3.1 ???????????????????
????? 2??????? (HPLD:High Power Laser Diode)????1?????????
?????????????? [12]????? 30 W???????HPLD?????????
????????????????????????????????????HPLD?HPLD1
???????????????????????HPLD?HPLD2??????
? 3.1: HPLD?DCF???
????????????????????? 3.1????HPLD? LIMO????????
?? 808 nm??????? 35 W????????????????????HPLD?????
?????? 125 m?MMF?DCF???????????????? (TFBC:Tapared Fiber
Bundle Combiner)??????????? 105 m?MMF????????????????
DCF????????????????????
3.2 ?????
HPLD???????????????????????????????????????
?????????????????????? 2??? LD???????????????
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??????????????HPLD1????????????HPLD2??????????
?????????????? HPLD1?????????????????????????
???????????????????
3.3 ??????????????
????????HPLD???? SMA????????????????????????
??????????????????? SMA?????????????
? 3.4: SMA??
????????? SMA???? 3.4??????????????????? HPLD??
??????????????????????????????????????
??????????????????????????????????????????
?????????HPLD???????????????????????????????
???????????????????HPLD1?HPLD2????????????????
???????????HPLD???????????????????HPLD?HPLD3??
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3.4 ????????????
HPLD3????????????????????????? HPLD??????????
??????????HPLD??????????????????????????????
???????????????HPLD???????????MMF???????????
???????????????????????????????????????????
?????????????????????
????HPLD3??????????????????????????????DCF???
???????????????????????????????????????????
?????? 46 %??? [13]???????????? HPLD??????????????
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? 3.5: SMA??
? 3.5??????
????????????? 0?
?90?????????6????????????
????????? 1?3 W
?DCF??????????
????????????????????
? 3.1: 0????????
??? (W) ?? (mW) ??? (W)
1 532.9 1.16
2 958.8 2.08
3 1438.8 3.13
? 3.2: 90????????
?? (W) ?? (mW) ??? (W)
1 583.1 1.27
2 1053.1 2.29
3 1587.4 3.45
? 3.3: 180????????
?? (W) ?? (mW) ??? (W)
1 694.2 1.51
2 1280.7 2.78
3 1922.8 4.18
? 3.4: 270????????
?? (W) ?? (mW) ??? (W)
1 564.9 1.23
2 1010.8 2.20
3 1500.9 3.26
? 3.1 ? 3.4? 0 ??? 270 ??????????????????????????????
????????????????????????????????????? 180 ????
????????????HPLD????????????????????????????
???? 180 ?????????HPLD3??????????
HPLD3??????? 3.6??????????????????????????????
????????????? 55 A???? 30 W???????????????
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? 3.9: ????????????
15
???????????????? 4.3?????????????????????????
? 60 W??????? 4.6 mW????????????????????????????
??-41 dB??????????????????????????????????????
??????????????????
???????????????????????????????????HPLD4?HPLD5
? 2????????? 60 W?????????????
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?4? 1.3 m???????????????
????
4.1 ????
? 4.1: 1.3 m? 3????????RoF??
? 4.2: 1.3 m? 4????????RoF??
1.3 m??????????? RoF???????? 3???????????? 4.1??4
???????????? 3.8???????????????????? (DFB-LD : Distributed
Feedback - Laser Diode)??????3??????????? 1310 nm?1320 nm?1330nm ?
???????????? 10 nm?????????????4??????????? 1310 nm?
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1315 nm?1320 nm?1326nm ?????????????? 5 nm?????????4????
??????????????.??????????????? (LNM:LiNbO3 Modulator) ?
????????? (SG:Signal Generator)????????????????????????
????????????? 5.2 GHz ???????????? (OFDM:Orthogonal Frequency
Division Multiplexing) ??????????? 64 ????????? (64QAM:64Quadrature
Amplitude Modulation)??????? 54 Mbit/s ????????????????????
??????? (ISO:Isolator)????????????????? (QD-SOA: Quantumn Dot
- Semiconductor Optical Ampliers) ??????????????????????????
?????????????????????? (CPS:Clad Power Stripper) ????????
? HPLD????????? 808 nm ???????? 105 m ?MMF?????????
?????????? (TFBC:Tapared Fiber Bundle Combiner)???? 300 m? DCF ??
??????????????????? (TFBD:Tapared Fiber Bundle Divider)???? 6 ?
?MMF ??????????????CPS ????????????????? (BPF:Band
Pass Filter) ???? 3?????? 1310 nm?1320 nm?1330nm ? 4?????? 1310 nm?
1315 nm?1320 nm?1326 nm ?????????????? PD ?????? ???????
??????????? (LNA:Low Noise Amplier) ???????????????????
(ATT:Attenuator) ?????????????????????????? (EVM:Error Vector
Magnitude) ??????????????????????HPLD ??????????? 0
? 60 W ???????????????????????????????????????
????????
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4.2 1.3 m???????????????
(1a)3?????? 1310 nm??????????
? 4.3: ????? 0 W? ? 4.4: ????? 60 W?
(1b)3?????? 1320 nm??????????
? 4.5: ????? 0 W? ? 4.6: ????? 60 W?
(1c)3?????? 1330 nm??????????
? 4.7: ????? 0 W? ? 4.8: ????? 60 W?
RoF???????????????? 4.1???? 3ch????????????????
???????????? 60 W???????????????-35.0 dBm????????
???????????????? (1a)????? 1310 nm????? 4.3?4.4??(1b)???
?? 1320 nm????? 4.5?4.6??(1c)????? 1330 nm????? 4.7?4.8??????
??? 1310 nm?1320 nm?1330 nm3??????????????????????????
???????????????????????????????????????????
??????????RoF?????????????????????
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(2a)4?????? 1310 nm??????????
? 4.9: ????? 0 W? ? 4.10: ????? 60 W?
(2b)4?????? 1315 nm??????????
? 4.11: ????? 0 W? ? 4.12: ????? 60 W?
(2c)4?????? 1320 nm??????????
? 4.13: ????? 0 W? ? 4.14: ????? 60 W?
(2d)4?????? 1326 nm??????????
? 4.15: ????? 0 W? ? 4.16: ????? 60 W?
20
??? 4.2???? 4ch???????????????????????????? 60 W
???????????????-35.0 dBm???????????????????????
? (2a)????? 1310 nm????? 4.9?4.10??(2b)????? 1315 nm????? 4.11?
4.12??(2c)????? 1320 nm????? 4.13?4.14??(2d)????? 1326 nm????
? 4.13?4.14???????????? 1310 nm?1315 nm?1320 nm?1326 nm? 4????
???????????????????????????????????????????
????????????????????????????????RoF?????????
????????????
4.3 ????????
???????????HPLD????????????????????????????
??? 45 %????????? 60 W?????????????????????
? 4.1: 300 mDCF?? 808 nm?????????????
????? (W) ?????? (W) ???? (?)
10 4.873 48.73
20 9.687 48.44
30 14.55 48.48
40 19.46 48.63
50 24.22 48.44
60 29.12 48.53
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? 4.17: HPLD???????????????????
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?? 808 nm?HPLD???????? 0 ? 60 W???????????????? 6??
????????????????????????????????????????????
?????? 4.1????????????????????? 4.17?????????????
???????????????????????????????????????????
???? 48??????????????????????????????????????
?????? HPLD5?????????HPLD5????????MMF????? TFBC?
?????????? 105 m?MMF?????????????????????????
??????????????????????????????????????
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? 4.18: 1310 nm? EVM??
3?????? RoF?????????????????? 4.1?????????????
??????????? 1310 nm??? EVM???? 4.18???????? Back to Back?
?? 4.1?? 4.2????????????300 m?DCF?BPF??????????????
?????????????????????????
? 4.18???????????????????? EVM???????-35 dBm?????
EVM?????? 1.3 %??????????????????-35 dBm??-45 dBm???
??? EVM?????? 0.3 %????????????????????????????
?????????????????Back to Back????????????????????
???????????????????????????????????????????
????????????
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? 4.19: 1320 nm? EVM??
???? 1320 nm???EVM???? 4.19????? 4.19???????????????
????? EVM???????-35 dBm????? EVM?????? 1.1 %???????
???????????-35 dBm??-45 dBm?????? EVM?????? 0.3 %????
?????????????????????????????????????????Back
to Back??????????????????????????????????1320 nm??
???????????????????????????????????????????
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? 4.20: 1330 nm? EVM??
????? 1330 nm???EVM???? 4.20????? 4.20??????????????
??????EVM???????-35 dBm?????EVM?????? 1.1 %???????
???????????-35 dBm??-45 dBm?????? EVM?????? 0.3 %????
?????????????????????????????????????????Back
to Back??????????????????????????????????1330 nm??
???????????????????????????????????????????
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1310 nm
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1330 nm
1310 nm BtoB
1320 nm BtoB
1330 nm BtoB
(a)1310 nm
(c)1330 nm
(b)1320 nm
0 W 60 W
0 W 60 W
0 W 60 W
EVM:1.227 EVM:1.257
EVM:1.117 EVM:1.127
EVM:1.067 EVM:1.077
? 4.21: ??????????? EVM??
? 4.21? 3?????????????????EVM???????(a)?????????
0 W? 60 W???? 1310 nm????????????(b)????????? 0 W? 60 W
???? 1320 nm??????????????(c)????????? 0 W? 60 W????
1330 nm?????????????????????????????????-35 dBm??
??????? 4.21???1310 nm?1320 nm?1330 nm? 3????????????????
?????? EVM????????????????BtoB?????????? EVM???
?????? 0.04 %??????????????????????????????????
??????????????????RoF???????????????????????
???????????????????????????????????????????
????
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? 4.22: 1310 nm? EVM??
4?????? RoF?????????????????? 4.2?????????????
??????????? 1310 nm??? EVM???? 4.22???????? Back to Back?
?? 4.1?? 4.2????????????300 m?DCF?BPF??????????????
?????????????????????????
? 4.22???????????????????? EVM???????-35 dBm?????
EVM?????? 1.5 %??????????????????-25 dBm??-35 dBm???
??? EVM?????? 0.03 %????????????????????????????
?????????????????Back to Back????????????????????
???????????????????????????????????????????
????????????
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???? 1315 nm???EVM???? 4.23????? 4.23???????????????
????? EVM???????-35 dBm????? EVM?????? 1.4 %???????
???????????-25 dBm??-35 dBm??????EVM?????? 0.03 %????
?????????????????????????????????????????Back
to Back??????????????????????????????????1315 nm??
???????????????????????????????????????????
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BtoB
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? 4.24: 1320 nm? EVM??
???? 1320 nm???EVM???? 4.24????? 4.24???????????????
????? EVM???????-35 dBm????? EVM?????? 1.4 %???????
???????????-25 dBm??-35 dBm??????EVM?????? 0.03 %????
?????????????????????????????????????????Back
to Back??????????????????????????????????1320 nm??
???????????????????????????????????????????
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????? 1326 nm???EVM???? 4.25????? 4.25??????????????
??????EVM???????-35 dBm?????EVM?????? 1.4 %???????
???????????-25 dBm??-35 dBm??????EVM?????? 0.03 %????
?????????????????????????????????????????Back
to Back??????????????????????????????????1326 nm??
???????????????????????????????????????????
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? 4.26: ??????????? EVM??
? 4.26? 4?????????????????EVM???????(a)?????????
60 W???? 1310 nm????????????(b)????????? 60 W???? 1315
nm??????????????(c)????????? 60 W???? 1320 nm???????
???????(d)????????? 60 W???? 1326 nm???????????????
??????????????????-35 dBm????????? 4.26???1310 nm?1315
nm?1320 nm?1326 nm? 4?????????????????????? EVM?????
???????????BtoB?????????? EVM????????? 0.05 %????
????????????????????????????????????????????
????RoF?????????????????????????????????????
?????????????????????????????????
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4.6 1.55 m?????????
（先行研究）
2.45 GHz
2.45 GHz 1550 nm
? 4.27: ??????????? EVM?????
????? 1.3 m?????????????????????????? 1.55 m??RoF
????? 1.3 m?????RoF????????????? 4.27????????????
EVM?????????????????????? 1310 nm?1315 nm?1320 nm?1326 nm
? 4??????????? 2.45 GHz??????????????????????????
4.27?????????????? 2.45 GHz?????????1.55 m?? 1.3 m????
BtoB????????????????????????1.55 m?? 1.3 m???? EVM
?????????????????????? 50 W??????????? 0.05 %????
??????????????????????? 2.45 GHz???????? 1.3 m?? 1.55
m?????????????????????
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（先行研究）2.45 GHz
5.2 GHz 4ch同時伝送
1550 nm
? 4.28: ??????????? EVM?????
??????? 1310 nm?1315 nm?1320 nm?1326 nm? 4??????????? 5.2 GHz?
4?????????????????????????? EVM??????? 4.28????
????????????????? 5.2 GHz?????????1.55 m?? 1.3 m????
BtoB????????????????????????1.55 m?? 1.3 m???? EVM
?????????????????????? 40 W??????????? 0.05 %????
???????????1.3 m?? 4???????????? 5 nm???????????
???????????????????????????????????????????
???????? 5.2 GHz???????? 1.3 m?? 1.55 m?????????????
??????????????????????????????????????????
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?5? ??
??????300 m?DCF??????????????????????????????
?? 1.3 m??????????????????????????????????????
?????
?????????????HPLD?????????? 60 W??????????????
????? 48 %??????????????? 1.3 m??DFB-LD??????? 60 W?
??????????????? 10 nm? 3????RoF???????? 5 nm?? 4???
?RoF????????????????????????????????????????
????????????????? 1.55 m???????????????????????
HPLD?????????????????????????????????????????
?????????HPLD???????????????????????????????
?????????????HPLD???????????????????????????
???????????????HPLD????????MMF???????????????
HPLD??????????MMF?DCF?TFBC????????MMF????????
??????HPLD??????????????????????????????????
???????????????????????????????????????DCF??
????????????????????????
????? 1300 nm ?????????????? 808 nm ?HPLD ????? 3?????4
???????????????????????????????????????????
?????DCF ?????????????????????????DCF????????
???????????????????????????????????????????
???????????????????????????????????????????
???? ????????????????? 500 nm ??????????????????
??? 10 nm?? 5 nm????????????????????????????????
?????????????????????DCF ??????????????? 500nm ?
??????????????????????RoF????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????RoF????????????????????????????????
???????????????????????????????????????
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?6? ??
???????????RoF?????????????????????????????
???????????????????????????????????????????
??????DCF???????? 60 W???????? 3?????4?????????
?????????? EVM????????
? 300 m?DCF?????????????? 1550 nm??????????????????
??????? 0.15??????????? 0.03??????????????????? 1550
nm??????????????????????????????????
? 300 m? DCF???????????? 808 nm? HPLD????? 1310 nm?1320 nm?
1330 nm? 3?? DFB?????????????? 10 nm? 3?????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????????? EVM???????Back to Back?????????????
???????????????? 60 W ????????????????????????
???????????????????RoF????????????????300 m?DCF
? 60 W????????????????? 28 W???????????????????
? 300 m? DCF???????????? 808 nm? HPLD????? 1310 nm?1315 nm?
1320 nm?1326 nm? DFB???????????????????????1310 nm?1330
nm??????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????? EVM???????Back to
Back????????????????????????????? 60 W ?????????
???????????????????????????????????????????
??????????????????????RoF????????????????
?????? 1.55 m???????,?? 1.3 m????????????????????
??????????????? 1.55 m????????????????????????
??????????????????????? 1.3 m?????????????????
??????????? 1.55 m??????RoF????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
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